Introduction
Maternal and congenital syphilis are public health problems not only in developing countries, but worldwide. Even in the United States, congenital syphilis continues to occur (1) . In Bolivia, the reported rate of congenital syphilis in 1994 was 3.1 per 1,000 live births (2) .
Congenital syphilis usually results from transplacental passage of Treponema pallidum to the fetus, causing infection of the placenta and umbilical cord. For the fetus, the likelihood of infection is greatest when the mother has primary or secondary syphilis in the last two trimesters of pregnancy (3) . At birth, only half of infected newborns have clinical signs of disease (3) . Placental infection is not always present, and affected placentas show varying degrees or combinations of three basic histologic findings (4-6): focal proliferative villitis, endovascular and perivascular proliferative changes in villous vessels, and relative immaturity of villi. The umbilical cord may have inflammatory infiltrates around vessels, a condition known as necrotizing funisitis (4, 6) . To identify which infants without clinical signs have congenital infection, laboratory tests of maternal or newborn sera, as well as of the placenta and umbilical cord, have been developed (7) . Several techniques have been used to detect spirochetes in the placenta, including silver stains, immunohistochemistry (IHC), and direct fluorescence antibody testing (DFA) (6, 8) . The latter two are specific for syphilis because they use antibodies against T. pallidum. IHC also allows visualization of morphologic features of the tissue, thus permitting localization of the microorganism in tissue structures. Previous pathologic studies of placentas and umbilical cords have been retrospective and based on small population samples and have presented data from specimens analyzed because of specific perinatal problems (5, 6) . Thus, the frequency of histopathologic changes in the placenta and umbilical cord has not been defined.
As part of a study to document prevalence of maternal syphilis in Bolivia, we assessed the histopathologic features of umbilical cords in a cohort of live-born and stillborn infants of women with syphilis and a sample of infants born to women without syphilis. We established the frequency of histopathologic abnormalities in umbilical cords from neonates of mothers with
To establish the frequency of necrotizing funisitis in congenital syphilis, we conducted a prospective descriptive study of maternal syphilis in Bolivia by testing 1,559 women at delivery with rapid plasma reagin (RPR). We examined umbilical cords of 66 infants whose mothers had positive RPR and fluorescent treponemal antibody absorption tests. Histologic abnormalities were detected in 28 (42%) umbilical cords (seven [11%] had necrotizing funisitis with spirochetes; three [4%] had marked funisitis without necrosis; and 18 [27%] had mild funisitis), and 38 [58%] were normal. Of 22 umbilical cords of infants from mothers without syphilis (controls), only two (9%) showed mild funisitis; the others were normal. Testing umbilical cords by using immunohistochemistry is a research tool that can establish the frequency of funisitis due to Treponema pallidum infection.
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syphilis, compared these results with those of the sample without syphilis, and analyzed the usefulness of IHC and DFA for detection of T. pallidum.
Materials and Methods
All women delivering in seven hospitals in Bolivia from June to November 1996 were eligible for the study; 1,559 women consented to participate (participation rate 63%). Women were given a risk factor questionnaire, and blood was obtained for a rapid plasma reagin (RPR) test. If a woman had a positive RPR result (1:1 dilution or above), both she and her infant were treated with penicillin according to Centers for Disease Control and Prevention (CDC) treatment guidelines (9) . Maternal syphilis was defined as positive RPR and treponemal antibody absorption test results from one of two Bolivian reference laboratories chosen on the basis of their performance on a proficiency panel (CDC, Atlanta, GA). For quality control, sera from all women with syphilis and a systematic sample of 10% of the women without syphilis were tested at CDC. Umbilical cords from the subset of infants whose mothers' sera had been tested at CDC were examined; this subset included 66 umbilical cords from infants born to women with syphilis, as well as 22 control umbilical cords.
Immediately after delivery, a section of umbilical cord (approximately 3 cm to 4 cm long) was collected from the end closest to the infant, fixed in 10% formalin, and transported to CDC, where it was embedded in paraffin. We examined at least two sections from 49 cords and three to five sections from 39 cords. The tissues were studied by using hematoxylin and eosin stain, and DFA and IHC tests were performed for T. pallidum. The extent and location of the inflammatory process were evaluated histologically. The cords were classified into two categories according to the intensity of inflammation: mild funisitis if <10 inflammatory cells (polymorphonuclear leukocytes, lymphocytes, or macrophages) were seen at 40x magnification and marked funisitis if >10 inflammatory cells were seen. Necrosis, which was recorded independent of the degree of inflammation, was defined as presence of eosinophilic cellular debris surrounded by inflammation. IHC was performed as described (10): 3-µm sections of cord were deparaffinized, rehydrated, placed in a DAKO autostainer (DAKO Corporation, Carpinteria, CA), digested in 0.1 mg/mL Proteinase K (Boehringer-Mannheim Corporation, Indianapolis, IN), and later blocked with normal swine serum. After a 1-hr incubation with polyclonal rabbit antibody against T. pallidum (CDC, Atlanta, GA), detection was done with a biotinylated anti-rabbit antibody, strepavidin-alkaline phosphatase complex, and naphthol/fast red substrate (DAKO Corporation). Sections were counterstained in Meyer's hematoxylin (Fisher Scientific, Pittsburgh, PA). Positive controls were tissue sections of a testis from a T. pallidum-infected rabbit and of liver and gastrointestinal tract from a human case of congenital syphilis. Negative controls consisted of each patient's tissue sections incubated with normal rabbit serum and an unrelated polyclonal antibody instead of the polyclonal antibody against T. pallidum. Positive staining by IHC was considered only if intact spirochetes were identified. In four cases, more sections from the umbilical cord were submitted for study by IHC and DFA because fine and coarse red granular staining was considered questionable for infection. DFA was performed as described (6): 3-µm sections were deparaffinized, rehydrated through graded alcohol passages, and then digested with trypsin. Next, slides were stained with a fluorescein-labeled monoclonal conjugate to T. pallidum (CDC, Atlanta, GA). Slides were mounted and read with an epi-illuminated fluorescent microscope. The same positive control was used for both IHC and DFA. Positive results were reported if intact spirochetes were identified. Additional sections of five cords were submitted for DFA and IHC study because fluorescent staining was considered questionable for infection.
Frequencies of the histologic measurements were analyzed. Univariate analysis was done with the chi-square statistic or Fisher's exact test (if expected cell values were <5) by Epi-Info (CDC, Atlanta, GA) and SAS (Cary, NC) statistical packages.
Results
The histologic examination of umbilical cords from infants born to mothers with syphilis demonstrated the following: seven cords (11%) with marked funisitis, necrosis (necrotizing funisitis) and treponemes (five by IHC and DFA; two by IHC only); marked funisitis without necrosis or spirochetes in three (4%) cases; mild funisitis in 18 (27%) cases; and no histopathologic abnormality in 38 (58%) cases. Histopathologic studies of umbilical cords from infants of mothers without syphilis identified two (9%) cases with mild funisitis; the other 20 (91%) had normal histologic features. The association of treponemes, acute and chronic inflammation, and necrosis was different in the umbilical cord structures (Table 1) . Marked funisitis was associated with both maternal syphilis and presence of treponemes in the cord. All 10 umbilical cords with marked funisitis were from infants whose mothers had syphilis; these cords were more likely to have T. pallidum identified by IHC or DFA than were those that did not have marked funisitis (70% vs. 4%; odds ratio [OR] 41.2; 95% confidence interval [CI] 5.5-405.7). In six of the cases of marked funisitis, acute and chronic inflammatory infiltrates were observed in one or more vessels and in the Wharton's jelly ( Figure 1 ); all these cords were positive for T. pallidum by either IHC or DFA. Marked funisitis was also diagnosed in one case with acute and chronic inflammation in a vein but not in the Wharton's jelly; this cord showed spirochetes by IHC. In the seven cases described, inflammation was accompanied by necrosis. Three cords with marked funisitis had acute inflammation in a vessel but no necrosis or inflammation in the Wharton's jelly. All three were negative for T. pallidum by IHC and DFA.
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Mild funisitis was diagnosed in 20 (30%) cords; 18 were from infants whose mothers had syphilis; none contained spirochetes. Two cords from infants born to control mothers had mild funisitis. A higher percentage of infants with mild funisitis than infants with normal umbilical cords had mothers with syphilis (90% vs. 66%; OR 4.7; p=0.04). Of cords from infants born to RPR-positive mothers, 38 (58%) had normal histologic features; one of these contained spirochetes identified by DFA. However, umbilical cords with mild funisitis did not differ substantially from normal cords with respect to presence of treponemes (5% vs. 3%).
Necrosis was identified in seven cases with marked funisitis and one case with mild funisitis. All eight cases with necrosis of the umbilical cord were from infants of mothers with syphilis; none of the controls had necrosis. Necrosis in any of the umbilical vessels or amnion was strongly associated with the presence of T. pallidum by IHC or DFA (seven of eight cases). When necrosis Research was present in one structure, it was usually present in others; for example, necrosis of the umbilical vein was present in five (71%) of the seven cords with amnion necrosis, but in none of the 78 cords without amnion necrosis (OR undefined; p<0.001). Twelve umbilical cords showed neovascularization. Eight of these cords were from infants of mothers with syphilis (12%) and four were from controls (18%). Five cords had neovascularization accompanied by inflammation, and spirochetes were identified in one. Neovascularization was not associated with funisitis.
IHC demonstrated intact spirochetes and varying degrees of granular staining in seven (10.6%) umbilical cords of infants whose mothers had syphilis. In four cases, the T. pallidum level was high (>10 bacteria per field at 40x magnification and presence in >2 of the sections examined). In three cases, the spirochete level was lower, with <9 bacteria per field at 40x magnification and presence in only one section. Granular staining indicative of infection was present in nine cases: four by IHC and five by DFA. For all these cases, extra tissue was submitted, and in only one were spirochetes identified on reexamination.
With IHC, we were able to define the location of intact spirochetes and granular staining in the umbilical cord. In the seven positive cords, intact spirochetes were seen where there was less inflammatory infiltration ( Figure 2 ). Granular staining was seen in the areas with marked inflammation, sometimes accompanied by intact bacteria. In the necrotic areas, no spirochetes were demonstrated, and little or no granular staining was seen (Figure 3) .
Comparison of IHC and DFA results showed that all seven umbilical cords positive by IHC had marked funisitis and were from infants of mothers with syphilis; five of these were also positive by DFA. Two cords were positive by DFA but negative by IHC. One was from an infant whose mother had syphilis, and the other was from a control. Both these cords had normal histopathologic features.
Information about antibiotic treatment for syphilis or other conditions near term or during labor and delivery (including premature rupture of membranes) was incompletely recorded in the medical charts. Penicillin treatment for syphilis during pregnancy was documented for two women: one 6 months and the other 6 weeks before delivery. Neither umbilical cord had funisitis. Birth weight, gestational age, and physical findings for infants born to mothers with syphilis have been described (11) . Of the 66 women with syphilis, 6 (9%) had stillborn infants, 1 had marked funisitis with spirochetes demonstrated by both DFA and IHC, 1 had mild funisitis with a positive DFA, and 4 had normal umbilical cord histopathologic features with no spirochetes noted on IHC or DFA.
Conclusions
We found histologic abnormalities ranging from mild to marked funisitis in 42% of umbilical cords from infants of mothers with syphilis. The presence of T. pallidum in umbilical cords was strongly associated with marked inflammation and necrosis (necrotizing funisitis). Newborns whose cords showed marked funisitis, Research necrosis, and spirochetes are assumed to have congenital syphilis.
Necrotizing funisitis, which was described at the beginning of the 20th century, has been linked to syphilitic infection and high fetal-infant death rates (4, 6) . The disorder refers to a deepseated inflammatory process in the matrix of the umbilical cord, which may be accompanied by phlebitis and thrombosis. Necrotizing funisitis is thought to result from diffusion of amniotic fluid leukotoxin, which destroys the fetal neutrophils migrating toward the amniotic cavity (12) . The presence of spirochetes in umbilical cords with necrotizing funisitis has been reported in 40% (4, 13) to 90% of cases (6) .
We found three cords with marked funisitis but no necrosis. In these three cases, no spirochetes were present, although the cords came from infants of mothers with syphilis. We also found 18 umbilical cords with mild funisitis, all from infants born to women with syphilis. In these cords we attributed inflammation, whether mild or marked, to T. pallidum infection. Some authors distinguish necrotizing funisitis from acute funisitis, since the latter is characterized by acute inflammation without necrosis and can be associated with infections other than syphilis (6) . We found two umbilical cords with mild funisitis from infants of women without syphilis; the inflammation in these cases could have been secondary to other pathologic conditions, such as premature rupture of membranes or bacterial infection other than syphilis (4, 12) .
T. pallidum infection is difficult to confirm in infants whose cords do not show spirochetes, whether they have marked funisitis without necrosis, mild funisitis, or necrosis with minimal inflammation. We noted pathologic changes in 42% of umbilical cords from infants born to women with syphilis. These infants may have been infected even though no spirochetes were identified. These data support the CDC recommendation to provide immediate penicillin treatment at delivery for all newborn infants born to women with untreated or inadequately treated syphilis during pregnancy (9) .
In an ideal study of congenital syphilis, umbilical cords would be examined in conjunction with the placenta (5), and fetal outcome would be taken into account (13) . However, good sensitivity for detecting T. pallidum from umbilical cords only has been reported (6) . In epidemiologic field studies such as ours, a small portion of umbilical cord is easier to obtain and transport than the entire placenta and permits histopathologic and immunohistochemical analysis of tissues, which can be helpful in assessing populations at risk for congenital syphilis.
We compared our results of umbilical cord abnormalities from infants whose mothers had syphilis with those published by other authors (Table 2) (6) reported a lower percentage of normal cords and higher frequency of necrotizing funisitis and spirochetes. The other authors studied a small, selected group of umbilical cords from patients with known early syphilis and high RPR titers; in contrast, our study included all women with reactive RPR tests and with both early and late syphilis. In the latter group, transmission to the fetus is less likely (7) .
Up to 75% of pregnant women with active syphilis have stillbirths (6) . In the group of patients we studied, six women had documented stillbirths; of the six stillborn infants, two had histologic abnormalities of the umbilical cord and T. pallidum was demonstrated, so syphilis was assumed to be the cause of fetal death. In the other four cases, death cannot be attributed entirely to syphilis, especially in communities where prenatal care is poor. We found no correlation between outcome of pregnancy and umbilical cord abnormalities; however, our study may be limited by the small number of stillborn infants. 
